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, $\mathrm{R}$ ( ), $\mathrm{B}$ , $\mathrm{S}$ ( )
, $k$ , $\mathrm{B}$ $\mathrm{R}$ ,







mm , $U_{J}=1.6\mathrm{n}\sqrt \mathrm{s}$ $U_{M}=0.45\mathrm{c}\mathrm{n}\psi \mathrm{s}$
, (1)
, $k=0.851\mathrm{m}^{3}/(\mathrm{m}\mathrm{o}1\cdot \mathrm{s})$ $\mathrm{R}$
$\Gamma_{R0}=2.7\mathrm{m}\mathrm{o}1/\mathrm{m}^{3}$ , $\mathrm{B}$ $\Gamma_{R}=0.3\mathrm{m}\mathrm{o}1/\mathrm{m}^{3}$
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Reynolds $\text{ }$ : $Re=U,d/v=2600$ (2)
$\mathrm{D}\mathrm{a}\mathrm{m}\mathrm{k}\ddot{\mathrm{o}}\mathrm{h}\mathrm{l}\mathrm{e}\mathrm{r}\text{ }:Da=k(\Gamma_{R\mathit{0}}+\Gamma_{B0})/(U_{N}/d)=3.2\mathrm{x}10^{-3}$ (3)
: $F_{S}=\Gamma_{B0}/(\Gamma_{R0}+\Gamma_{s\mathrm{o}})=0.1$ (4)
Schmidt $\text{ }$ : $Sc=v/D\simeq 1300$ (5)
, $v$ , $D$ , Schmidt
(3) , Damk\"ohler $Da$ 32 $\mathrm{x}10^{-3}$ ,
, $d/U_{N}$ “ ”
, x , r
, $\mathrm{R}$
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2 3 $\mathrm{r}.\mathrm{n}\iota \mathrm{s}$ .
, $\overline{G}_{RB}$ $\overline{\Gamma}_{R}$ $\wedge\Gamma_{B}$ 2 4
, , $\overline{\Gamma}_{R}<\overline{\Gamma}_{B}$ , $\overline{\Gamma}_{R}$
$0<\overline{\Gamma}_{R}<(1-\overline{\Gamma}_{S})/2$ ($\overline{G}_{RB}$ ) , $\overline{\Gamma}_{B}$ $(1-\overline{\Gamma}_{S})/2<\wedge\Gamma_{p}<1-\overline{\Gamma}_{S}(G_{RB}\wedge$
) $\mathrm{R}$ , $\Gamma_{R}$
, , $\mathrm{R}$ r.m.s.
, $\mathrm{B}$ .
, B rms.
3(c) $\mathrm{S}$ r.m.s. $\mathrm{R}$ $\mathrm{B}$ ,
( ) $\mathrm{R}$ $\mathrm{B}$
$\alpha=\overline{\gamma_{R}\gamma_{B}}/(\overline{\Gamma}_{R}\overline{\dot{\Gamma}}_{B})$ 5 , $\mathrm{R}$ $\mathrm{B}$




$-0.015<\alpha<-0.075$ , Bennani [6] $a=-0.7$ ,
117
4 $(G_{Rt})\wedge$ 5
Komori [2] $-0.8<\alpha<-0.7$ , $0$
1 ,
, D\eta \"ohler $Da=3.2\mathrm{x}10^{-3}$








averaged Navier-Stokes) LES (Large-eddy simulation) ,
, ,
, ,
Toor , ( [7]) ,
,




– Langevin [81 , IEM
(Interaction by exchenge wiffi ffie mean) ( LMSE (linear mean-square estimation)
) [9] ,
3.1
Lagrange PDF , ,
, PDF
118
$(r,\theta,x)$ , , Lagrange
Langevin ( [10] )
$dUi=- \frac{1}{\rho}\frac{\partial\overline{P}}{\partial r}dt+\frac{1}{r}.U_{\theta}^{2}dt+v(\mathrm{v}^{2}\overline{U_{r}}-=U_{r)dt}r^{2}+\{G_{rr}(U_{r}-\overline{U_{r}})+G_{rx}(U_{X}^{*}-\overline{U_{X}})\}dt+\sqrt{c_{0\epsilon}}dW_{r}$ (8)
$dU_{\theta}^{*}=- \frac{1}{r}*$ r $U_{\theta}dt+G_{\theta\theta}U_{\theta}^{*}dt+\sqrt{c_{0\epsilon}}dW_{\theta}$ (9)
$dU_{X}=- \frac{1}{\rho}\frac{\partial\overline{P}}{\partial x}dt+v\nabla^{2}\overline{U_{X}}dt+\{G_{xr}(Ui-\overline{U_{r}})+G_{XX}(U_{X}-\overline{U_{X}}))\text{ }$ $+\sqrt{C0\epsilon}dW_{x}$ (10)
, $-$ , $*$ , ,
$dU_{i}^{*}=U_{j}^{*}(t+dt)-U_{l}^{*}(t)$ $(i=r.\theta,x),$ $\epsilon$ , $C_{0}$
, $dW$, Wiener ( $0$ . $\overline{dW_{i}dW_{j}}=dt\delta_{ij}$)
, ,
, Lagrange
, Euler PDF (1 2 )
, –
Langevin G – (Consistency
condition) [11]
, Lagran\mu
, – , –
[121 (Themodynamic $\vee\prime \mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{i}\mathrm{n}\mathrm{t}$)
, IEM [9] IEM ,
$a$ $\Gamma_{a}^{*}$ , $d\Gamma_{a}$
$d \Gamma_{\alpha}^{\cdot}=-\frac{1}{2}C_{\phi}(\Gamma_{a}^{\cdot}-\overline{\Gamma}_{a})\frac{d\iota}{\tau}$ (11)





$(20\leq x/d\leq 70,0\leq r/d\leq 20)$ ,
– , xld=70 ,
x/d=20 r/d=20 ,
Langevin $C_{0}$ ,




















9(a), (b) (c) $x/d=50$ ($\overline{\Gamma}_{R},\overline{\Gamma}_{B}$ -\Gamma s)
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IEM , PDF ,
[5]
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